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(si) Silicon nitride-based sinters. 



(57) A silicon nitride-based sinter contains 0.1 to 1.5 % by weight of Mg, 0.1 to 3.5 % by weight of Al f 0.01 to 
6 % by weight of carbon, and 0.2 to 5 % by weight of oxygen, the balance consisting essentially of 
silicon, nitrogen, and impurities. This sinter can be obtained by sintering a ceramic mixture comprising 
0.5 to 6 % by weight of a MgO.AI 2 0 3 spinel structure, 0.1 to 20 % by weight of silicon carbide, not more 
than 1 % by weight of silicon oxide, and carbide substantially of silicon nitride and impurities. By 
incorporating the Mg0.AI 2 O 3 spinel structure and silicon carbide, the silicon nitride-based ceramic 
products acquire significantly improved ability to resist acid and/or alkali corrosion but without 
significantly impairing the inherent characteristics of silicon nitride sintered ceramics, such as strength, 
resistance to abrasion, and resistance to heat. 
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This invention relates to silicon nitride-based sinters which provide good resistance to chemicals. 

Ceramic sinters having silicon nitride as a main component thereof possess various desirable properties 
such as very high heat resistance, a small thermal expansion coefficient, and excellent resistance to thermal 
shock. There are attempts to use these ceramic sinters in engine parts, machine parts made of steel and the 
5 like as high-temperature structural materials to replace conventional heat-resistant alloys. Further, since they 
can have excellent frictional resistance, efforts continue to make use of these ceramic sinters in sliding mem- 
bers and cutting tools. 

Generally, silicon nitride is a ceramic material of rather poor sintering properties. Silicon nitride powder 
prepared as a raw material for sintering can have improved sintering properties by including a sintering auxil- 

10 iary, such as a rare earth element oxide or aluminium oxide, in a prescribed amount to permit production of a 
ceramic sinter with both high density and high strength. By way of known examples of sintering composition 
(i.e. their raw material composition) for silicon nitride-based ceramics, there are Si 3 N4-Y 2 03 type compositions, 
Si 3 N4-Y203-AI 2 03-AlN type compositions, and S13N4-Y2O3-AI2O3 oxide of Ti.Mg orZr type compositions. 

In the sintering compositions mentioned above, yttrium oxide and other similar rare earth element oxides 

15 and aluminium oxide improve silicon nitride sintering properties and enhance densif ication of silicon nitride 
sinters. Silicon nitride-based sinters manufactured from raw materials incorporating a rare earth element oxide 
or aluminium oxide can have a dense texture with attractive mechanical strength properties. Measures have 
been adopted to improve mechanical properties and frictional resistance of silicon nitride sinters at elevated 
temperatures, by incorporating a combination of a plurality of kinds of compounds such as aluminium nitride 

20 and titanium oxide with the raw material powder. 

Silicon nitride-based sinters which have such sintering compositions as mentioned above, however, are 
almost universally deficient in resistance to corrosion caused by such chemicals as acids and alkalis. When 
used as structural materials in an environment exposed or subjected to such chemicals there is a problem con- 
cerning the expected durability and/or reliability of the sinters. Particularly, the rare earth oxides are at a dis- 

25 advantage in more readily yielding to corrosion by such chemicals as acids or alkalis. Consequently, this can 
induce serious degradation of the strength of silicon nitride-based sinters, even though there can be desirable 
effects in rendering the silicon nitride more dense. 

Silicon nitride-based sinters are known which do not incorporate rare earth element oxide. For example, 
sinters using 0.5 to 5 parts by weight of spinel and 0.5 to 5 parts by weight of titanium carbonate as sintering 

30 auxiliaries are disclosed in : JP-B2; 63-23,153. Silicon nitride-based sinters obtained by using a mixture of sil- 
icon oxide with silicon carbide not as a sintering auxiliary but as a starting raw material which is subjected to 
reactive sintering in an atmosphere of nitrogen gas is disclosed in : JP-A-59-1 52,270. Although these silicon 
nitride-based sinters can show high strength at elevated temperatures, they are not intended to show any im- 
provement in resistance to chemicals (resistance to corrosion) and in practice their resistance to chemicals is 

35 inadequate. Moreover, composite sinters of silicon nitride and silicon carbide are known, see JP-A-63-1 59,256. 
Since manufacture of these composite sinters requires yttrium oxide and other rare earth element oxides as 
sintering auxiliaries, the composite sinters cannot provide and would not be expected to confer sufficient re- 
sistance to chemicals, especially corrosion resistance against acids and alkali. 

Sinters made of p-Sialon as the raw material are widely used as materials which can have relatively good 

40 resistance to chemicals. Since they are deficient in mechanical properties, they have the disadvantage of but 
a limited range of utility. 

Recently demand has increased for heat resisting members and abrasion resisting members which can 
have a useful life and strength when subjected to an atmosphere or other environment wherein potentially cor- 
rosive chemical substances are present. For uses of this nature, corrosion proof heat-resistant alloys and heat- 
45 resistant hard metals which were previously used are not easily adapted. Thus, more widespread use of cer- 
amic sinters which can better metals in resistance to heat and abrasion, as well as offering enhanced resistance 
to chemicals (particularly against corrosion) has been sought. 

An object of this invention, therefore, is to provide silicon nitride-based sinters which have significantly 
improved resistance to corrosion caused by such chemicals as acids and alkalis but which mitigates or even 
so avoids impairing one or preferably more than one of the inherent silicon nitride characteristics, i.e. strength, 
resistance to abrasion, and resistance to heat. 

The present inventors have investigated auxiliaries suitable for addition to the raw material for sintering 
as to type and quantity thereof. As a result, they have surprisingly found that silicon nitride sinters with signif- 
icantly improved resistance to chemicals and yet which may suffer only sparingly from reduced strength, is 
55 obtained by having at least an MgO.AI 2 0 3 structure and silicon carbide incorporated as auxiliaries in suitable 
amounts in the silicon nitride raw material for sintering. 

This invention has been based on these unexpected findings. Silicon nitrid -based sinters according to 
this invention are charact rized by containing as component elements thereof 0.1 to 1.5 % by weight of mag- 
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nesium, 0.1 to 3.5% by weight of aluminium, 0.01 to 6% by weight of carbon and 0.2 to 5% by weight of oxygen 
and wherein the balance is composed substantially of silicon; nitrogen, and impurities. Moreover, the silicon 
nitride-based sinter mentioned above can be characterized by additionally containing as a component element 
0.1 to 3.8 % by weight of at least one of : titanium, hafnium, and tungsten. 

5 Embodiments of silicon nitride-based sinters, based on starting material, may be produced by sintering a 

ceramic mixture comprising 0.5 to 6 % by weight of a MgO.AI 2 03 spinel structure, 0.1 to 20% by weight of 
silicon carbide, not more than 1% by weight of silicon oxide, and the balance substantially of silicon nitride 
and impurities. The method of making such sinters may also be characterized by sintering a ceramic mixture 
further comprising 0.1 to 4% by weight of at least one oxide and/or carbide of titanium, hafnium, and/or tung- 

10 sten. 

Without wishing to be bound by any theoretical considerations, it is postulated that during manufacture of 
the present silicon nitride-based sinters the MgO.AI 2 0 3 spinel structure which is most preferably added to the 
silicon nitride raw material may not only function as an agent for promoting sintering but may also form a grain 
boundary phase with the property of strong resistance particularly to chemicals and consequently imparting 

15 improved resistance to chemicals to the final sinter product. Thus, said spinel structure is preferably incorpo- 
rated in an amount of 0.5 to 6 % by weight in the powdered raw material (ceramic mixture). If the amount added 
is less than 0.5 % by weight, the produced sinter may be deficient in textural densif ication and the character- 
istics inherent in silicon nitride might be impaired. Conversely, if the amount of said spinel structure exceeds 
6 % by weight, resistance by the sinter to chemicals may actually decrease, in proportion to the excess. Pre- 

20 ferably, the amount of the MgO.AI 2 0 3 spinel structure added is 2 to 5 % by weight. In addition to the MgO.AI 2 0 3 
spinel structure which can be and most preferably is intentionally added as an agent for promoting sintering, 
the MgO.AI 2 0 3 spinel structure can be formed in the sinter at least after the step of sintering. Adding MgO.AI 2 0 3 
spinel is preferable to adding MgO and Al 2 0 3 independently during production of the sinter not only to impart ^ 
good resistance against chemicals, but also to promote densif ication of silicon nitride by lowering the melting «* 

25 point of the sinter. By adding MgO and Al 2 0 3 in the form of MgO.AI 2 0 3 spinel instead of adding MgO and Al 2 0 3 r 
independently preferably during production of the sinter, compaction of the silicon nitride can be significantly 
better. It has been surprisingly found that MgO. Ai 2 0 3 spinel not only imparts improved resistance to chemicals 
but it can also lower the melting point of the sinter. j 
Silicon carbide, which can be added as an optional but preferred component to the silicon nitride raw ma- -** 

30 terial not only further improves resistance to chemicals but can also improve mechanical properties, particu- »; 
larly hardness, of the silicon nitride-based ceramic and can further provide high rigidity to the sinter. The ad- 
dition of silicon carbide may also alleviate resistance to friction under conditions devoid of lubricant such as 
within the mass of a chemical compound. It can be incorporated in the powdered raw material in an amount of ■* 
0.1 to 20 % by weight. If the amount of silicon carbide added is less than 0.1 % by weight, there mayjiot be % 

35 sufficient improvement in mechanical properties and/or in alleviating resistance to friction. Conversely, if the 3 
amount of any added silicon carbide exceeds 20 % by weight, there could be deterioration of sintering prop- 
erties in the raw material. Preferably, the amount of any added silicon carbide is 1 to 10 % by weight. 

Silicon nitride sinters of this invention can, through use of MgO.AI 2 0 3 spinel structure, and silicon carbide 
as a sintering auxiliary for the silicon nitride, provide unexpectedly better mechanical strength, resistance to 

40 abrasion as well as resistance to corrosion by chemicals. 

The ability of the present sintered ceramics to resist chemicals can be further improved by adding silicon 
oxide to the silicon nitride raw material. Again, without wishing to be bound by any theoretical considerations, 
it is possible silicon oxide not only resists chemicals in its own right, but may also strengthen the union between 
silicon nitride particles and other auxiliaries, enabling the final sintered ceramic product to show still better 

45 and possibly synergistically improved resistance to chemicals. Although silicon oxide is optional and not always 
required, it is desired for the reasons just explained. When silicon oxide is added, the amount is preferably not 
more than 1 % by weight. If the amount of silicon oxide to be added exceeds 1 % by weight, the excess of the 
compound may impair sintering properties of the raw material. The amount of silicon oxide when added is more 
preferably 0.2 to 1 % by weight, most preferably 0.2 to 0.6 % by weight. 

so Besides the auxiliary additives mentioned above, the ceramic mixture to be used in this invention may 

incorporate at least one compound selected from among the oxides and carbides of Ti, Hf, and W in an amount 
of 0.1 to 4 % by weight. These compounds of Ti, Hf, and W appear to act synergistically with the MgO.AI 2 0 3 
spinel structure and appear to function as a sinter promoting agent for promoting textural densif ication. After 
the sintering, they are apparently dispersed in the form of independent particles of high melting compounds 

55 within the texture of the sinter and help to improve strength and abrasion resistance of the sintered ceramic 
product. The compound(s) of Ti, Hf, and W if used are preferably included in an amount of 0.1 to 4 % by weight 
in the powdered raw material. If the amount so added is less than 0.1 % by weight, the added compound(s) 
may not effectively promote sint ring properties of the raw material nor the strength of the sintered ceramic 
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product. Conversely, if the amount of such added compound(s) exceeds 4 % by weight, the sinter produced 
may be deficient in its ability to resist chemicals. To enable the sint r produced to retain adequate mechanical 
strength with good resistanc to chemicals, it is more desirable that said compound(s) be added in an amount 
of 1 to 2 % by weight. 

5 The contents of the component elements of the silicon nitride-bas d sinter of this invention are further 

explained. If the content of Mg is less than 0.1 % by weight or the content of Al is less than 0.1 % by weight, 
for example, the sinter produced may not have sufficiently good resistance to chemicals and can suffer from 
a decrease in textural density. Conversely, if the amount of Mg exceeds 1 .5 % by weight or the amount of Al 
exceeds 3.5 % by weight, the sinter produced could be deficient in chemical resistance. Although Mg and Al 

10 are generally present in such a ratio as to form a MgO.AI 2 0 3 spinel structure, slight deviation of this ratio during 
the course of sintering can be tolerated and is embraced by this invention. The content of oxygen is defined 
for substantially the same reason as the content of Mg and Al mentioned above and is 0.2 to 5 % by weight. 
Carbon (C) can be added in the form of silicon carbide. If the content of C is less than 0.01 % by weight, the 
sinter produced may not have sufficiently good mechanical properties or chemical resistance. Conversely, if 

15 the amount of C exceeds 6 % by weight, there could be an undesirable decrease in the textural density of the 
final sintered ceramic product. Similar reasons pertain in respect of the amounts of the optional compound(s) 
of Ti, Hf, and W. 

The silicon nitride-based sinters of this invention can be manufactured for example by a general method 
of production as follows: 

20 

General Method 

A raw material mixture (ceramic mixture) is prepared by adding MgO.AI 2 0 3 spinel structure, silicon carbide, 
and silicon oxide and, when necessary, further adding at least one compound selected from among the oxides 

25 and carbides of Ti, Hf, and W in prescribed amounts to the silicon nitride raw material. Then, the raw material 
mixture is moulded in a desired shape (to form a moulded ceramic mass) by the well-known method using a 
metallic press, for example. This moulded mass is sintered in an atmosphere of an inert gas such as nitrogen 
gas or argon gas at a temperature approximately in the range 1700°C to 1800°C for a prescribed time. 

This sintering operation may be implemented by the normal pressure sintering method or by any of the 

30 other sintering methods such as, for example, the hot press method, the ambient pressure method, and the 
hot hydrostatic press (HIP) method. Virtually irrespective of the type of sintering method used, the silicon nitr- 
ide-based sinter subsequently obtained can have high textural density and mechanical strength together with 
unexpectedly good ability to resist corrosion (i.e. resistance to chemicals) within working environments which 
contain or are otherwise subject to the presence of such corrosive chemicals as acids or alkalis. 

35 In order that the invention may be more easily appreciated and readily carried into effect by one skilled in 

the art, embodiments thereof will now be described purely by way of non-limiting examples. 

Example 1: 

40 A mixture consisting of 92 % by weight of an a-phase type silicon nitride powder having an average particle 

diameter of 0.7 urn, 4 % by weight of a MgO.AI 2 0 3 spinel structure powder having an average particle diameter 
of 0.8 urn, 3.4 % by weight of a silicon carbide powder having an average particle diameter of 0.5 um, and 0.6 
% by weight of a silicon oxide powder having an average particle diameter of 0.7 urn was mixed in ethanol as 
a liquid medium in a ball mill for 48 hours to produce a homogeneous raw material mixture (ceramic mixture). 

45 Then, the raw material mixture thus obtained and a prescribed amount of an organic binder added thereto 

were uniformly mixed and compression moulded with a moulding pressure of 1 000 kgf/cm 2 to produce a mould- 
ed piece measuring 50 mm x 50 mm x 5 mm. Subsequently, the moulded piece was degreased in an atmos- 
phere of nitrogen gas at a temperature of 500°C. The degreased piece was subjected to normal pressure sin- 
tering in an atmosphere of nitrogen gas at 1800°C for two hours to obtain a silicon nitride-based sinter. The 

so component elements contained in this silicon nitride-based sinter were 0.7 % by weight of Mg, 1 .5 % by weight 
of Al, 2.5 % by weight of O, 1 .0 % by weight of C, 57.5 % by weight of Si, 36.8 % by weight of N, and 0.01 % 
by weight of impurities (such as Fe). 

Separately, for comparison with this invention, a silicon nitride-based sinter (Comparativ Example 1 ) was 
obtained by repeating the same operations of mixing, moulding, degreasing, and sintering as involved in the 

55 procedure of Example 1 described above whil using 2% by weight of a yttrium oxide powder having an average 
particle diameterof 0.9 u.m and 2% by weight of an aluminium oxide powder having an average particle diameter 
of 0.9 um in place of the MgO.AI 2 0 3 spinel structure powder. 

The silicon nitride-based sinters obtained respectively in Exampl 1 and Comparative Example 1 as de- 
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scribed above were tested for density, bending strength at normal room temperature, and disruptive strength. 
In order to evaluate the ability to resist chemicals, th sampl s were immers d in an aqueous 30% HCl solution, 
heat-treated therein at 90°C for 100 hours, and thereaft r test d for loss of weight and bending strength. The 
results are shown in Table 1. 



Table 1 
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Relative 

density 

(%) 


Bending 
strength 
(kgf /mm 2 ) 


Disrup- 
tive 

strength 
(MPa 
m ) 


Loss of 
weight 
after 
immer- 
sion in 
HCl (%) 


Bending 
strength 
after 
immersion 
in HCl 
(kgf /mm 2 ) 


15 


Ex 1 


99.8 


103 


6.8 


0. 009 


94 




CE 1 


99-8 


100 


6.6 


0. 105 


60 



Note) Ex = Example CE = Comparative Example 



It is clearly noted from the results of the test given in Table 1 that the silicon nitride-based sinter of Example 
1 had good mechanical properties such as bending strength and disruptive strength and, in respect of prop- 
erties after immersion in the aqueous HC1 solution, this sinter showed a smaller loss of weight and better mech- 
anical properties than the sinter of Comparative Example 1 which incorporated yttrium oxide. - 

25 

Examples 2 to 15 and Comparative Examples 2 to 5 : 

Raw material mixtures were prepared by mixing the same silicon nitride powder, MgO AI 2 0 3 spinel struc- 
ture powder, silicon carbide powder, silicon oxide powder, and oxide or carbide powders of Ti, Hf, and W as 
30 used in Example 1 in amounts to form the composition ratios shown in Table 2. Then, the raw material mixtures 
thus obtained were subjected to the same operations of moulding degreasing, and sintering as involved in the 
procedure of Example 1 to produce silicon nitride-based sinters. 

In Comparative Experiments 2 to 5, raw material mixtures containing silicon carbide, a MgO AI 2 0 3 spinel 
structure, silicon oxide, and titanium oxide respectively in excess amounts were prepared and subjected to 
35 the same operations of mixing through sintering as involved in the procedure of Example 1 to produce silicon 
nitride-based sinters. 
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Table 2 



5 



15 



25 



30 





Raw material composition (% by weight) 




Si 3 N< 


Spinel 


SiC 


Other components 


Ex 2 


91.5 


4 


5 


Si0 2 : 0.5 


Ex 3 


79 .5 


5 


15 


SiO z : 0.5 


Ex 4 


95.0 


3 


1-5 


Si0 2 : 0.5 


Ex 5 


91.2 


3 


5 


Si0 2 : 0.8 


Ex 6 


92.8 


3 


4 


SiO z : 0.2 


Ex 7 


92.2 


4 


4 


- 


Ex 8 


82.0 


6 


12 


- 


Ex 9 


95.0 


1.5 


3 


Si0 2 : 0.5 


Ex 10 


90 .6 


3 


5 


Si0 2 : 0.4, Ti0 2 : 1 


Ex 11 


88 . 2 


3 


5 


Si0 2 : 0.3, Ti0 2 : 3.5 


Ex 12 


93 . 8 


3 


3 


Ti0 2 : 0.2 


C.X 1 O 


91.0 


4 


3 


Si0 2 : 0.5, TiC : 1.5 


Ex 14 


89.0 


4 


5 


Si0 2 : 0.5, WC : 1.5 


Ex 15 


90.0 


4 


4 


Si0 2 : 0.5, Hf0 2 : 1.5 


CE 2 


64 .5 


5 


30 


Si0 2 : 0.5 


CE 3 


84.5 


10 


5 


Si0 2 : 0.5 


CE 4 


90.0 


3 


5 


Si0 2 : 2.0 


CE 5 


83.5 


3 


5 


Si0 2 : 0.5, Ti0 2 : 8 



Note) Ex = Example CE = Comparative Example 



40 

The silicon nitride-based sinters obtained in Examples 2 to 15 and Comparative Examples 2 to 5 as de- 
scribed above were tested for density, bending strength, and hardness in the same manner as in Example 1 
and, at the same time, subjected to an immersion treatment in the aqueous HCI solution and, after the treat- 
ment, tested for weight loss and bending strength. The results are shown in Table 3. 

45 



so 



6 



EP 0 649 824 A2 



Table 3 

5 



15 



20 



25 



30 



35 





Relative 
density 

(%> 


Bending 

strength 

(kgf/mm 2 ) 


Disrup- 
tive 

strength 

( FIFO. JU ) 


hard- 
ness 


Loss of 

weight 

after 

sion in 
HCl (%) 


Bending 

strength 

after 

■i iYiTn^»T~Q i <*"*rt 

_1_ 1 lli 11 w J- O JLwIi 

in HCl 
(kgf/mm ) 


Ex 2 


99.8 


110 


6 . 9 


1520 


0.006 


100 


Ex 3 


99.7 


100 


6.8 


1560 


0.009 


92 


Ex 4 


99 . 8 


108 


6.8 


1500 


0.005 


97 


Ex 5 


99 . 7 


105 


6.7 


1490 


0.005 


96 


Ex 6 


99 . 8 


110 


6.8 


1500 


0.010 


94 


Ex 7 


99.8 


109 


7.0 


1510 


0.013 


94 


Ex 8 


99.8 


115 


6.9 


1550 


0.016 


92 


Ex 9 


99 . 6 


103 


6.7 


1500 


0.004 


92 


Ex 10 


99 . 8 


117 


6 . 9 


1520 


0. 007 


99 


Ex 11 


99.7 


125 


7 . 0 


1500 


0 . 020 


97 


Ex 12 


99.8 


108 


7.0 


1490 


0.017 


93 


Ex 13 


99.7 


112 


7 . 1 


1520 


0.008 


95 


Ex 14 


99.8 


115 


7 . 1 


1550 


0.006 


100 


Ex 15 


99 . 8 


110 


7 . 2 


1500 


0 . 006 


97 


CE 2 


95.5 


82 


6.2 


1620 


0.019 


71 


CE 3 


99 .8 


115 


7 . 1 


1490 


0. 042 


76 


CE 4 


97 .0 


88 


6.4 


1430 


0.020 


79 


CE 5 


99.8 


110 


7.0 


1510 


0.045 


72 



Note) Ex = Example CE = Comparative Example 



40 



45 The test results shown in Table 3 clearly indicate that the sinters of Examples 2 to 15 incorporating the 

spinel structure and silicon carbide and optionally further incorporating oxides or carbides of Ti, Hf ( and W in 
prescribed amounts invariably exhibit high mechanical properties and excel in resistance to chemicals. 

It is clearly noted from the working examples that silicon nitride-based sinters of this invention have en- 
hanced resistance to corrosion by various chemicals whilst simultaneously conferring improved mechanical 

so properties but without significant impairment to the typical abrasion resistance of silicon nitride sintered cer- 
amic products. It is believed that the spinel structure may form a grain boundary phase in the texture of the 
sinter which confers the surprisingly good resistance to chemicals. Thus, this invention can provide silicon nitr- 
ide-based sinters useful as high-strength, abrasion-resistant and chemical-resistant ceramic products. Such 
products hav the potential capacity to replace conventional corrosion-resistant heat-resistant alloys and heat- 

55 resistant hard metals which have been conventionally used for forming e.g. gas turbine parts and other com- 
ponents used in high temperature and/or high stress applications. 
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Claims 
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15 



A silicon nitride-based sinter containing as component elements 0.1 to 1.5 % by weight of magnesium, 
0.1 to 3.5 % by weight of aluminium, 0.01 to 6 % by weight of carbon and 0.2 to 5 % by weight of oxygen, 
the balance consisting essentially of silicon, nitrogen, and impurities. 

A silicon nitride-based sinter according to claim 1 , which further contains 0. 1 to 3.8 % by weight of at least 
one of the following components: titanium, hafnium, and tungsten. 

A silicon nitride-based sinter obtainable by sintering a ceramic mixture comprising 0.5 to 6 % by weight 
of MgO.AI 2 0 3 spinel structure, 0.1 to 20 % by weight of silicon carbide, not more than 1 % by weight of 
silicon oxide, and the balance substantially of silicon nitride and impurities. 

A silicon nitride-based sinter according to claim 3, wherein said ceramic mixture contains 0.1 to 4 % by 
weight of at least one of the following compounds: oxides and carbides of titanium, hafnium, and/or tung- 
sten. 

5. A silicon nitride-based sinter according to claim 3 or 4, wherein said ceramic mixture contains 0.2 to 1 % 
by weight of silicon oxide. 

20 6. A silicon nitride-based sinter according to any one of claims 3 to 5, wherein said ceramic mixture contains 
2 to 5 % by weight of said MgO.AI 2 0 3 spinel structure, 1 to 10 % by weight of silicon carbide, and 0.2 to 
1 % by weight of silicon oxide. 

7. A method of making a silicon nitride-based sinter comprising moulding in a desired shape a ceramic mix- 
25 ture comprising 0.5 to 6 % by weight of MgO.AI 2 0 3 spinel structure, 0.1 to 20 % by weight of silicon carbide, 

not more than 1 % by weight of silicon oxide, and the balance substantially of silicon nitride and impurities, 
and sintering the moulded ceramic mixture obtained in an inert gas atmosphere. 

8. A method according to claim 7, wherein said ceramic mixture contains 0.1 to 4 % by weight of at least 
30 one of the following compounds: oxides and carbides of titanium, hafnium, and/or tungsten. 

9. A method according to claim 7 or 8, wherein said ceramic mixture contains 0.2 to 1 % by weight of silicon 
oxide. 

10. A method according to any one of claims 7 to 9, wherein said ceramic mixture contains 2 to 5 % by weight 
of said MgO.AI 2 0 3 spinel structure, 1 to 10 % by weight of silicon carbide, and 0.2 to 1 % by weight of 
silicon oxide. 
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(54) Silicon nitride-based sinters 

(57) A silicon nitride-based sinter contains 0.1 to 1 .5 
% by weight of Mg, 0.1 to 3.5 % by weight of Al, 0.01 to 
6 % by weight of carbon, and 0.2 to 5 % by weight of 
oxygen, the balance consisting essentially of silicon, ni- 
trogen, and impurities. This sinter can be obtained by 
sintering a ceramic mixture comprising 0.5 to 6 % by 
weight of a MgO.A! 2 0 3 spinel structure, 0.1 to 20 % by 
weight of silicon carbide, not more than 1 % by weight 



of silicon oxide, and carbide substantially of silicon ni- 
tride and impurities. By incorporating the MgO.AI 2 0 3 
spinel structure and silicon carbide, the silicon ni- 
tride-based ceramic products acquire significantly im- 
proved ability to resist acid and/or alkali corrosion but 
without significantly impairing the inherent characteris- 
tics of silicon nitride sintered ceramics, such as strength, 
resistance to abrasion, and resistance to heat. 
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